Abstract: The aim of the present study was to test the reproducibility, sensitivity, and specificity of cone-beam computed tomography (CBCT) in detecting incipient furcation involvement. Fifteen macerated pig mandibles, with intact second molar teeth and preserved adjacent cortical areas, were used. Simulated lesions were created in the furcation region of these teeth by applying 70% perchloric acid in up to four possible buccal/lingual sites in the right/left sides of each mandible. The mandibles were then submitted to a CBCT scan. Two blinded and calibrated experienced oral and maxillofacial radiologists interpreted the exams. Furcation involvement was also assessed in the regions without simulated lesions. CBCT showed high levels of accuracy, ranging from 78% to 88%. The variations in Kappa values for intra-and inter-observer agreement (0.41-0.59) were considered moderate. CBCT can be considered a reliable and accurate method for detecting incipient furcation involvement.
Introduction
Furcation involvement is one of the major problems in the treatment of periodontal disease, and is directly associated with tooth loss. Therefore, furcation lesions must be detected with accuracy at an early stage of the disease. 1, 2 Periapical and interproximal intraoral radiographs are widely accepted as valuable tools for establishing the diagnosis and guiding the treatment of periodontal disease, mainly to assess the pattern and extent of bone resorption. 3, 4 These characteristics can be clearly viewed in the interproximal alveolar bone. However, intraoral radiographs have the inherent inaccuracy of a two-dimensional exam. In the free faces, structural overlapping usually impairs the demarcation of bone loss extension in the vestibular and lingual cortical areas. 5 Studies have shown a significant advantage of CBCT over intraoral radiographs owing to its three-dimensional capability to assess buccal and lingual surfaces. 6, 7 Recently, cone-beam computed tomography (CBCT) has been used to evaluate dental structures, providing volumetric and 3D information of submillimeter resolution and without any image distortion of the anatomic structures. [8] [9] [10] Several studies have evaluated the potential of this imaging technique both in vivo (in advanced disease conditions, such as chronic periodontitis) 5, 11, 12 and in vitro (using simulated lesions created
Declaration of Interests:
The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
with high-speed spherical drills). 6, [13] [14] [15] [16] [17] These studies have shown high levels of accuracy for CBCT in detecting lesions owing to lesion size (in cases of chronic periodontal disease) or to well-defined lesion boundaries resulting from a methodology that uses drills (in vitro studies).
In previous studies, the performance of periapical radiography in detecting larger periodontal lesions proved inferior to that of CBCT. [5] [6] [7] [11] [12] [13] [14] [15] [16] [17] In clinical studies, 5, 11, 12 the primary purpose of radiographic examination was not as much to perform an early detection of periodontitis, as it was to characterize the disease and support the treatment follow-up.
In vitro studies 6,13-17 simulate lesions by producing them with high-speed spherical drills. This methodology makes it possible to create defects with defined contours 18 and to simulate an advanced stage of the disease.
The aim of the present study was thus to test the reproducibility, sensitivity, and specificity of conebeam computed tomography (CBCT) in detecting incipient furcation involvement.
Methodology Selection of specimens
The present study was submitted to the Ethics and Research Committee of our institution for approval under protocol no. 104/2010.
Fifteen mandibles of young adult pigs (previously slaughtered for human consumption) were used. The mandibular second molars were intact and the adjacent cortex was preserved. 19 The mandibles were boiled in water (for 8 hours, twice) and their soft tissues (gingivae, mucosa, and muscles) were removed. The mandibles were then washed with neutral soap to remove lipid remnants. Before the simulated lesions were created, the specimens were assessed clinically and tomographically in order to assess whether they had any original bone defect that could be misinterpreted in the ensuing diagnostic imaging. Any specimen that had a bone defect was excluded from the study.
Simulating lesions in the alveolar process in the furcation region Simulated lesions were created in the furcation region of the second molars in up to four possible sites (buccally and lingually, and in the right and left sides) of each mandible, for a total of 60 possible sites. These sites were divided into a control group (with no lesion) and a test group (with a lesion), which were then analyzed simultaneously. Twenty of these sites were selected randomly, so that a mandible could have a variable number (0-4) of lesions in the furcation region of the molar teeth, bilaterally. One of the authors, whose job was not to evaluate the images (O.S.U.), created the lesions. The lesions were made to simulate incipient bone loss caused by periodontal disease at an early stage. Two-millimeter cotton pledgets soaked in 70% perchloric acid were kept in contact with the bone for 2 hours ( Figure 1) ; after each application, the mandibles were washed for 1 min under tap water, according to the methodology used in previous studies. 19, 20 Image acquisition The images were obtained with the axial plane oriented along and leveled with the mandible base, since this is a position similar to that occurring in a clinical setting. The analysis was conducted independently, and on separate occasions, by two oral and maxillofacial radiologists (F.F.C. and B.F.G.) with extensive experience in interpreting CBCT scans, using Xoran software (v. 3.1.62, Xoran Technologies Inc., Ann Arbor, USA). The initial assessments of Observer 1 and Observer 2 were called Observation 1 and Observation 2, respectively. Standardization included training in the tomographic features involved in detecting furcation lesions. For this purpose, CBCT images of other specimens, with and without lesions, were presented to the observers. They were asked to assess the second mandibular molar region and identify any possible furcation involvement, even in the regions where no simulated lesion was created. They were blinded to any information on the procedures performed and on the conditions of the teeth. Each observer analyzed the images independently using multiplanar reconstructed images (axial, coronal and sagittal, simultaneously), in an independent workstation (Figure 2) . They were free to use the software visualization tools (contrast, magnification, and window width and level). When interpreting the images, the room lights were turned off.
The interpretation time was not restricted, and the second assessment of the same images was repeated within a 14-day interval by the same observers to produce Observation 1' and Observation 2'. The absence or presence of a bone defect was assessed in each of the four sites on the 15 mandibles (n = 60) to compare the imaging diagnosis of the lesions with that of the gold standard (macerated mandible).
Statistical analysis was carried out using the validity and Kappa tests (SPSS software, v. 17.0.0, SPSS Inc., Chicago, USA). The values for the Kappa (κ) coefficient were calculated to assess the intraand inter-observer agreement, which were classified according to the following criteria:
• The values for sensitivity and specificity were estimated in order to check the agreement of the assessments against the gold standard, and to distinguish the false positives and false negatives observed in each group. 
Results
The kappa values for the intra-observer agreement in detecting incipient furcation involvement ranged from 0.41 to 0.55. The kappa values for inter-observer agreement, ranged from 0.52 to 0.59. All of these values were considered as representing moderate levels of agreement (Table 1) . Table 2 shows the results for overall sensitivity, specificity, and accuracy in detecting incipient furcation involvement. These data represent all observations for both observers. CBCT showed moderate sensitivity (ranging from 50% to 75%), represented by the true positive results of detecting incipient furcation involvement. However, high specificity (ranging from 93% to 100%) was observed, represented by the correlation between the true negative results and the sites where there was actually no lesion. The accuracy of CBCT (ranging from 78% to 88%) was represented by the proportion between true positive and true negative results, considered simultaneously in relation to all results
Discussion
According to Mol, 4 an imaging examination (either intraoral radiography or CBCT) in periodontology will benefit the patient only if it can influence the treatment. Therefore, an exam should be indicated only if the additional information it provides will make a difference in patient management and if this difference will have an impact on the outcomes that are important to him/her. The same author emphasizes that three-dimensional (3D) information may have advantages over information obtained from two-dimensional (2D) examinations. However, it is necessary to evaluate whether an increase in diagnostic efficacy has an impact on both the treatment and the overall results for the patient. Corbet et al. 3 reported that neither helical nor multislice CT offer any favorable cost-benefit ratio or therapeutic advantage to periodontal practice. These authors disagree with Mol 4 and state that CBCT should be used more often because it involves a lower radiation dose. We agree with the statements made by Mol, 4 Vandenberghe et al. 16 and Walter et al. 21 that a diagnostic method must produce a clinical outcome, and we emphasize that the biological effects of ionizing radiation must always be taken into account, even though the radiation dose from CBCT is reduced.
Naitoh et al. 5 presented a case of upper molars with pocket depth measurements of 4 mm (mesiobuccal), 6 mm (disto-buccal), 6 mm (mesio-palatal), and 5 mm (disto-palatal). They also used 3D reconstructed images from CBCT to characterize alveolar bone loss. However, this procedure is controversial, since several factors involved in 3D image acquisition may interfere with the results, namely:
• the operator's subjective analysis, • the acquisition parameters (kV, mA, voxel size and FOV size), and
• the software parameters (threshold, reconstruction algorithms). 22 Walter et al. 11, 12 presented clinical cases with severe chronic periodontitis, in which a furcation involvement was clinically detected. CBCT was used for lesion assessment and treatment planning, not for the early detection and prevention of lesions. Grimard et al. 8 evaluated the outcomes of a regenerative treatment using intraoral radiographs and CBCT images. According to Naitoh et al. 5 and Walter et al., 11, 12 the subjects included in these studies presented advanced stages of periodontitis. In the present study, our goal was to analyze CBCT images of incipient furcation lesions using a rigorous 6 Grimard et al. 8 and Noujeim et al. 15 addressed periodontal lesions on the proximal surfaces of teeth. Interproximal lesions render CBCT a less decisive tool for the prognosis of affected teeth (access to and hygiene of a tooth's mesial and distal faces are easier than access/hygiene in the furcation region). Periodontal resorption begins with immunological and inflammatory events, leading to bone demineralization. Therefore, it is possible that bone loss is not related to the degree of inflammation or the qualitative nature of the inflammation, but rather to where the inflammation is located in the bone and to how long it persists.
In the in vitro studies of Misch et al., 6 Mengel et al., 13 Vandenberghe et al. 16, 17 and Noujeim et al., 15 drills were used to simulate lesions. In these studies, CBCT images demonstrated good reliability in both detecting the lesions and measuring their dimensions. However, lesions simulated with a drill would represent a more advanced stage of the disease, which could be detected by either periodontal probing or intraoral radiography. Fuhrmann et al. 23 also used drills to simulate lesions, and reported that helical CT is a reliable technique to classify furcation involvement both vertically and horizontally.
In previous studies, Mol & Balasundaram 14 concluded that CBCT is better than intraoral radiography in terms of both aiding in establishing the diagnosis and providing quantitative information on periodontal bone levels. However, the authors admitted that CBCT failed to provide sufficient spatial resolution in cases where the diagnostic decisions depended on small details. Periodontal resorption starts with inflammatory and immune events, resulting in bone demineralization. At an initial stage, the cavities are small and have irregular borders. 24, 25 We believe that lesions are more difficult to detect with either intraoral radiography or CBCT at this stage. In the simulations shown in the present study, we intended to explore the extent to which additional information obtained by CBCT images can impact the periodontal treatment. We simulated the bone loss caused by inflammation occurring more deeply, or otherwise not easily detected clinically.
We also simulated a situation in which CBCT could detect a bone resorption process in time to allow removing the cause of inflammation and resuming the physiological cycle, thus allowing bone formation and restoration of the lost bone.
The lesions created in the present study were smaller than those produced in previous studies, 6, [13] [14] [15] [16] [17] with the aim of simulating an initial stage of bone resorption. Studies validating the use of CBCT to detect lesions, simulating an early stage of periodontitis, with a rigorous experimental control, were not found in the related literature.
The research published by Mol & Balasundaram 14 demonstrated low levels of intra-observer agreement. In our study, moderate levels of intraand inter-observer agreement were obtained. The intra-observer agreement may have increased owing to the advanced technology of the equipment. A high amount of false-negative diagnoses were reached, which may be explained by both the reduced lesion dimensions and the changes in the technique used to simulate the lesions.
It is clear that CBCT is still not the first choice for periodontal bone support imaging. This function continues to be well performed by periapical radiographs. However, CBCT can help in cases where periapical radiographs are not sufficiently illustrative owing to overlapping structures. Nevertheless, CBCT imaging can be indicated for other applications, such as assessments for implant placement and periodontal furcation surgery. Even though incipient furcation lesions are not considered major indications for CBCT, any changes detected in the furcation region of molar teeth in patients scanned for other reasons should nevertheless be reported.
Following the guidelines of imaging interpretation criteria, the whole volume of data obtained by a CBCT examination should be carefully assessed, regardless of the original diagnostic question underlying the examination.
Conclusion
CBCT imaging showed high accuracy and moderate reproducibility in the detection of incipient furcation involvement. Based on these results, we believe that this technique can be considered a re-liable tool for detecting incipient furcation involvement, thus expanding the applicability reported by other authors, who tested the CBCT technique as applied to larger furcation lesions, which were not created chemically using acid.
